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FOREWORD

This report presents the results of the reliability and maintain-
ability analyses conducted during the FB-11llA Category II test program.
The FB-111A Category II flight test program was initiated by an Air
Force Flight Test Center Project Directive 67-1, dated 13 July 1966.

The flying portion of the program was accomplished between 31 August
1968 and 27 June 1972.

A major contribution to the FB-11l1lA reliability and maintainability
analysis was made by Senior Master Sergeant Earl H. Wilson, NCOIC, F-11l1
Joint Test Force Maintenance Analysis.

Foreign announcement and dissemination by the Defense Documentation
Center are not authorized because of technology restrictions of the U.S.
Export Control Acts as implemented by AFR 300-10.

Prepared by: Reviewed and approved by:
6 September 1972

Veel ¥, Chinrmdlee M/é W

NEAL F. CHAMBLEE JACK W. GILLETTE
Mathematician Colonel, USAF
Director, F-111 Test Force

QWQM QAOUDCQR/ 724 %@M

(i
JAN M. HOWELL JAMES W. WOOD
Reliabitit and Maintainabitity Colonel, USAF
Engine 1 Cemmander, 6510th Test Wing

idld il

ROBERT M. WHITE
Brigadier General, USAF
Cemmander

i




ABSTRACT

This report presents the restlts of the reliability and maintain-
ability evaluation conducted durir.g the FB-111A Category II test program.
The aircraft demonstrated a l.6-hour mean time between failures and a
l.5-hour mean time between aircrew writeups. The overall aircraft re-
liability was significantly degraded by the low reliability of the
flight controls and most avionics subsystems. The reliability of most
non-avionics subsystems was acceptable. The contractor predicted that
23.8 maintenance manhours per flying hour would be required, and 48.0
manhours were actually measured; the difference was attributed to low
reliability. Except for excessive removal, bench check, and replacement
of good components during troubleshooting, the maintainability of the
FB-111A was good. The mode/status lights associated with some subsystems
were of questionable value in detecting failures correctly.
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INTRODUCTION

GENERAL

The FB-111A Category II systems test program began in August 1968
when FB-111lA USAF S/N 67-159 was delivered to the AFFTC. The test pro-
gram was extended to allow for aircraft subsystem updates and the delay
caused by a wing inspection and modification program. The AFFTC was
responsible for conducting the test program under the overall management
of the F~-11l1 System Program Office at the Aeronautical Systems Division,
Wright-Patterson AFB, Ohio. The test aircraft used for the systems test
program were FB-111A No. 1, USAF S/N 67-159; FB-111A No. 3, USAF S/N 67~
161; FB-111A No. 44, USAF S/N 67-162; FB~11lA No. 6, USAF S/N 67-7192; and
FB-111A No. 27, USAF S/N 68-255,

This report presents the final results from the Category II relia-
bility and maintainability evaluation. This evaluation used the data
from the entire Category II test program which consisted of 1,308 flving
hours accumulated during 504 missions (including 27 ground aborts).

Results of the FB-111lA Category II test program have been or will be
published in a series of reports. The titles for those reports are listed
in references 1 through 1ll. A summary report (reference 12) containing
an overall evaluation of the FB-111A aircraft will be published at the
completion of the program.

PROGRAM OBJECTIVES

The primary objective of the FB~1llA Category II systems evaluation
was to insure that an operationally ready FB-11llA system would be inte-
grated into the SAC inventory in a minimum of time. The specific objec-
tives of the Category II test program in accordance with AFR 80-14 and
the FB-11l1A System Package Program were to:

1. Provide input data for determination of compliance with contract
specifications for maintainability and reliability.

2. Obtain necessary data from flight test results to complete the Flight
Mznual (reference 11l).

3. Evaluate design changes as required before incorporation into the
system.

4, Demonstrate in as realistic and complete an environment as practicable
that the complete system was functionally operative, operationally
effective, and comgatible with the other systems and supporting
equipment required for operational use.

5. Determine whether the system was capable of and suitable for meeting
the contract requirements and design objectives.

6. Provide equipment familiarization, experience, and maximum possible
training for SAC and ATC within the limitations of the test program,

7. Demons’.-ate in the most realistic environment practicable that the
comple :2 system was maintainable with minimum resource outlay.

-
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8. Determine the qualitative adequacy of the aerospace ground equip-
ment (AGE]}.

9. Verify and evaluate the personnel subsystem.

AIRCRAFT DESCRIPTION

The FB-1lllA is a two-place (side-by-side) long-range fighter-bomber
built by General Dynamics, Fort Worth Division. The aircraft was designed
for all-weather supersonic operation at both low and high altitude. Mis-
sion capabilities include long range attack missions utilizing convention-
al or nuclear weapons. An automatic low altitude terrain following system
enhances penetration capability. Power is provided by two TF-30 axial-flow,
dual-compressor turbofan engines equipped with afterburners. The wings,
equipped with leading edge slats and trailing edge flaps, may be varied
in sweep, area, and aspect ratio by the selection of any wing sweep angle
between 16 and 72.5 degrees. A selective forward wing sweep provides
takeoff and landing capabilities at minimum speeds. For all other
regimes, the wings are manually swept in accordance with desired Mach
number. This feature prcvides the aircraft with a highly versatile
operating envelope. The empennage consists of a fixed vertical stabilizer
with rudder for directional control and a horizontal stabilizer that is
moved symmetrically for pitch control and asymmetrically for roll control.
The stability augmentation system incorporates triple redundant features
which enhance system reliability. The tricycle-type forward retracting
landing gear is hydraulically operated. The main landing gear consists
of a single common trunnion upon which two wheels are singly mounted and
contains only one extending/retracting/locking system, which ensures
symmetrical main gear operation. Also, ground loads imposed upon the
gear tend to extend the drag strut to the locked position. Stores are
carried in a fuselage-enclosed weapons bay and externally on both pivoting
and fixed wing-mounted pylons. The fuel system incorporates both inflight
and single-point ground refueling capabilities,
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TEST AND EVALUATION

GENERAL

This section contains a qualitative and quantitative analysis of
the reliability and maintainability of each subsystem in the FB-11l1lA
aircraft as determined during the Category II test program. These re-
sults are presented by individual subsystem and for the overall aircraft.
Evaluations that did not involve a specific subsystem are discussed at
the conclusion of this section.

The quantitative analysis describes how each individual subsystem
ccmpared to the contractor's R&M predictions. Various R&M statistics
are presented and analyzed as to the significant reasons for differences
between the contractor's predictions and the measured Category II test
results. Additional R&M statistics are presented for those users re-
quiring further analysis. Insufficient failure and maintenance data
were obtained on the aerospace ground equipment (AGE) to quantitatively
evaluate it,

During the Category II test period, the monthly flying hours ob-
tained varied from zero to a high of 76 hours per month. Because of
this extreme variation, two R&M statistics most sensitive to a varying
utilization rate, hardware mean time between failures (MTBF) and MMH/FH,
were calculated using the six months data which corresponded with most
flying hours {15 November 1970 through 15 May 1971 - 392 flying hours).
All other R&M statistics were calculated using data from the entire Cate-
gory II test program.

DATA COLLECTION

The Systems Effectiveness Data System (SEDS) was used for the re-
liability and maintainability analysis conducted on all aircraft subsys-
tems during the Category II test program. Operational maintenance data
were recorded on three different forms by maintenance and system engi-
neering personnel. The data were input to two master history files,
an operational data file, and a maintenance data file. The formatted
file system (FFS) was used as an integral part of SEDS for the storage
and retrieval of the data. The SEDS included the numerous computerized
progvams used to analyze this data. A detailed discussion of the forms
used for data gathering (AFSC Form 258 and AFFTC Form 0-294) is contained
in appendix I,

PROCEDURES AND GROUND RULES
Functienal (Mission) Reliability

A functional or mission reliability analysis was performed on all
alrcraft subsystems. The flight hours obtained from the aircraft de-
briefing records were taken as the total flight time of all missions
during which the particular subsystem was used with no credit being
given for any ground operating or equipment checkout time. A maximum
of 1,308 flying hours were accumulated during the 504 mission {(including
28 ground aborts) covered in this analysis. Many of the subsystems had
less operating time (appendix I} than the total aircraft, thus limiting




confidence in this data. Only aircrew-discovered discrepancies were
recorded on the Aircraft Debriefing form, figure 1. Aircrew write-ups
that reflected known design deficiencies for which corrective action
had previously been initiated were deleted from these data. When two or
more components of the same subsystem failed during a given flight, only
one failure was considered.

Three categories of functional discrepancies were used: aborts,
function loss, and function degradation. An abecrt was a malfunction
that resulted in the premature termination of the primary mission due
to a critical subsystem failure or a safety of flight malfunction. A
function loss could have been of the complete subsystem or just the 1ioss
of one required mode of the subsystem. A functional degradation was a
maintenance malfunction or degraded operation of a subsystem that func-
tioned, but required corrective maintenance action. These categories
were cumulative in a computation of functional reliability statistics;
that is, mean flight hours between function loss included both aborts
and function losses but not function degradations.

The following mission reliability statistics (appendix I), and
tables III through XXXI, were calculated using the formulae in appendix
II:

1. Mean Flying Hours Between Function Degradations (MFHBFD)
2. Mean Flying Hours Between Function Losses (MFHBFL)
3. Mean Flying Hours Between Aborts (MFHBA)

In addition, the statistically derived 90-percent lower confidence
limits (LCL's) for the means were calculated. A 90-percent LCL (for a
given parameter) is that value which the true value equals or exceeds
for a given sample size with 90-percent probability. Thus, the proximity
of the 90-percent LCL to the measured mean gives an indication of the
certainty that should be attached to the measured mean. In other words,
the closer the measured value is to the 90-percent LCL, the more certain
it is that the measured value is the true value. The large difference
between some of the measured probabilities and the associated LCL's was
the result of low utilization rates and/or number of failures of some
subsystems, which yielded less certainty in the measured results. The
formulae and methods used in calculation of these statistics are pre-
sented in appendix II.

Appendix I contains the following statistics computed to show the
probability that a system will be usable on any mission reqgardless of
duration:

1. Probability of no functional degradation (Pnd)
2. Probability of no functional loss (Pn

)

1)

3. Probability of no abort (Pna

In addition, the associated LCL's are also presented. Formulae used
are contained in appendix II.
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Hardware Reliability

A hardware reliability analysis was performed on all aircraft sub-
systems. The flight hours for the aircraft were multiplied by the operat-
ing time to flight time ratios ("use factors") shown in table I so that
each subsystem could be credited with ground operating and checkout time.
The "use factors" shown in table I were derived using the Operating Time
Report for Selected Items (AFTO Form 4) as explained in appendix II.

All confirmed failures were included (both air and ground crew discovered).
A failure was considered confirmed if the corrective maintenance action
verified that a component required repair. For example, if a component
replaced on the aircraft subsequently bench-checked satisfaciorily, no
failure was assessed.

Results of the hardware reliability analysis are presented in
tables III through XXXI.

Table I
SYSTEM OPERATING TIME VERSUS FLIGHT TIME RATIO (USE FACTOR)

Work Unit
Airframe 11000 1.0
Landing Gear 13000 1.3
Flight Controls 14000 1.3
Escape Capsule 16000 1.0
Engine 23000 1.3
Air Conditioning 41000 1.2
Electrical Power 42000 1.8
Lighting 44000 1.8
Hydraulic Power 45000 1.3
Fuel 46000 1.3
Ooxygen 47000 1.0
Miscellaneous Utilities 49000 1.8
Instruments 51000 1.5
Autopilot 52000 1.5
HF Communications 61000 0.5
UHF Communications 63000 1.3
Interphone 64000 1.3
IFF 65000 1.3
Radio Mavigation 71000 1.3
Bombing Navigation 73000 1.5
Fire Control 74000 0.9
Weapons Delivery 75000 0.5
Electronic Countermeasures 76000 1.0
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Maintainability

A maintainability analysis was performed on aircraft subsystems
using data obtained from the maintainability master history file. The
maintenance manhour per flying hour (MMH/FH) values were computed by
retrieving the total maintenance manhours for each two digit WUC and
dividing this value by the total flying hours for the same period. The
MMH/FH computations were separated into line and shop maintenance actions,
that is, organizational and field level maintenance. Support general
maintenance actions were considered separately from non-support general
maintenance. All maintenance actions except for special instrumentation
were considered in these calculations, not just those maintenance actions
that related to the aircrew-discovered discrepancies. These statistics
are presented in tables III through XXXI (along with contractor predicted
values from reference 16) and summarized in table XXXII.

The MMH/FH values are nonparametric statistics, By considering each
maintenance event as a separate data point it was possible to calculate
a distribution of maintenance events (DOME). These data points for each
subsystem were statistically tested by the Kolomogorov-Smirnov (K-S)
goodness-of-fit test to determine whether they fit an exponential,
Weibull, or log normal distribution. This computerized program computed
the probability of the data points fitting each of these distributions
as well as the K-S "D" statistic which defined whether or not the data
points represented the specific distribution tested. The parametric
distribution parameters for each distribution tested and the nonparametric
statistics of the mean, variance, median (50th percentile) and MMax (90th
percentile) were also computed (tables III through XXXI). All DOME
statistics were tested for the line active hours, shop active hours,
total active hours, line manhours, shop manhours,; and total manhours.
Many of these statistics were not determined because they did not fit
any distribution tested or lacked adequate sample size. Active hours
are the clockhours during which maintenance actions were actually being
performed; that is, administrative and logistic delays were eliminated.
Manhours were the active hours times the maintenance crew size. Mathe-
matical formulations of the exponential, Weibull, and log normal distri-
butions are contained in appendix II.

SUBSYSTEMS ANALYSIS BY WORK UNIT CODE

The following analyses by WUC compare the Category II test results
with the contractor-predicted Rs&M figures of merit. A sample WUC listing
is shown in table II. An explanation appears in appendix II.

Airframe (WuC 11000)
Reliability.

The relatively low hardware MTBF shown in table III was caused by
minor component failures which were discovered between flights. &s a
result, the mission reliability (MFHBFL) shown in table III was good.
The single repetitive failure mode consisted of 1l instances of wing
tip cracks in 896 flying hours, After the incorporation of TCTO 1F1ll-
B-A-578, which changed the wing tip structure, 396 flying hours were
accumulated with no failures,
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Tabie Il
SAMPLE WUC LISTING
* WORK
UNIT
CODE
) 73000 BOMB NAVIGATION
73C00 ALTIMETER SET AN/APN-167
T3CA0 RECEIVER/TRANSMITTER UNIT
RT-171
T3CAA Receiver Assy
73CAB Transmitter Assy
T3CAC Tracker Assy
73CAD Power Supply
T3CAE Chass1s Assy
T3CAF Amplifier, IF
T3CAG Cover, Electrical
73CA9 NOC
73CBO ANTENNA, RECEIVER
73CB9 NOC
73CCO ANTENNA, TRANSMITTER
73CC9 NOC
73CDO RACK ELECTRICAL DISTRIBU-
TION MT-3403
T3CDA Rack, Plenum Chamber
73CDB Distribution Bax Assy
73CDY NOC
T3CE0 SWITCH COAX
13CE9 NOC
73CF0 INDICATOR, RADAR ALTIMETER
73CF9 NOC
T3H00 INERTIAL NAVIGATION SYSTEM
i TYPE MARKII B
73HAO* INERTIAL REFERENCE UNIT
(Group 1)
TIHAA Instrument, Parameter Mem-
ory
. 73HAB Module, Network Power Control
T3HAC Module, Network, Logic and
Timing
T3HAD Module, Network, Memory’
Sense
T3HAE Wiring, Harness Assy
T3HAF Mouodule, Roll and Pitch Servo
T3HAG Stabilization Platform
T3HAH Gyro Displacement
T3HAJ Velocity, Meter
T3HAK Power Supply
73HAL Controller, Gyro Speed
73HAM Regulator, Band Pass Filter’
Shift

Maintainability.

The MMH/FH measured in Category II testing was lower than contrac-
tor predictions. Table III shows the average clock time for a mainte-
l nance task on the airframe as 4.0 hours and 90 percent of all actions
* were completed in less than 8.3 hours. The wing tip replacement task
required 1.5 clockhours and 3.0 manhours. The largest single maintenance
task involved repair of plastic delamination under panel 3328 which r»=-
. quired 140 clockhours and 250 manhours. Shop (intermediate level) clock-
hours and manhours were Weibull distributed.
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Landing Gear (WU C 13000)
Reliabilitx.

Tne hardware reliability of the landing gear was low when all fail-
ures were considered although the measured mission reliability (MFHBFL)
was good (table IV). This was caused by a large number of minor compo-
nent failures which were detected between flights. Of the two aborts
charged to this subsystem, one occurred when a cut nose tire was dis-
covered during aircrew walk-around. The other abort was caused by an
"unsafe" light in the gear handle after engine start. This was corrected
by resetting the emergency shuttle valve.

The main landing gear tires averaged 25 landings per tire while the
nose tire required replacement after an average of 23 landings. The only
other repetitive failure mode was leaking brakes. There were 8 brakes
changed for leaks during a time period covering 645 landings.

Maintainability.

The line (organizational level) MMH/FH for this subsystem was higher
than the contractor-predicted value while the shop (field level) MMH/FH
met predictions (table IV). This was caused by the low hardware relia-
bility which required line corrective maintenance. The most frequent
maintenance task was removal and replacement of wheel and tire assemblies
which required 0.3 clockhours and 0.6 maintenance manhours (MMH) for a
nose wheel or 1.5 clockhours and 3.0 MMH for a main wheel, A brake change
required 2.0 clockhours and 6.0 MMH. The nonparametric DOME statistics
(table IV) show that the task t.mes for this subsystem are quite reason-
able.
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Flight Controls (wucC 14000)

Reliability.

The flight controls subsystem demonstrated the lowest hardware re-
liability of any non-avionic subsystem (table V). The No. 5 flap/vane
components presented the major problem. Originally, these failures were
considered to be caused by the uneven airflow around the wing tip cameras
installed on some Category II test aircraft. When aircraft without
cameras experienced similar failures, it was apparent cameras were not
causing, but rather accelerating the failures. Engirneering Change Pro-
posals (ECP's) 2263 and 2846 (TCTO's 1Fl1l1-B-A-902 and 1Fl11-B-A-618,
respectively) were designed to correct the problems with No, 5 flap.
Seventy flight houis were accumulated after these changes were incor-
porated on one aircraft (FB~1l1lA No. 3). During that period, the only
failures were a bent No. 5 van and a worn No. 5 air deflector door hinge.
Discounting failures in the No. 5 flap/vane area increases the hardware
MTBF to approximately 26 hours. hiis more reasonable figure will be
obtained only if ECP's 22€3 and 4863 are effective.

The low hardware reliatility seriously affected mission reliability
{MFHBFL, table V). The aircrew "squawked" the flight controls an average
of once every 25 flight hours. There were eight aborts for flight con-
trols problems. Of these aborts, 5 were caused by the No. 5 flap/vane
components,

Maintainability.

The measured line (organizational level) MMH/FH (table V) was over
three times greater than the contractor predictions. However, 0.7 MMH/FH
were expended on the No. 5 flap/vane area and an additional 1.4 MMH/FH
were required for TCTO accomplishment. An additional 0.1 MMH/FH were
required for shop (field level) accomplishment of TCTO's. After dis-
counting the No. 5 ilap/vane and TCTO manhours, the total measured MMH/FH
of 1.7 compares favorahly with the predicted 1.6 MMH/FH. The line, shop,
and total manhour statistics were found to be log-normally distributed
while the shop clock hours were exponentially distributed.

Escape Capsule Crew Module ( WUC 16000)
Reliability.

The reliability of this subsystem (table VI) was acceptable when
all discrepancies were considered. There were four aircrew-discovered
discrepancies; all of which were function degradations. The four func-
tion degradations were: flash curtain rollers missing, right seat in-
operative, right seat would not raise or lower, and left canopy handle
lock tab would not lock. There were numerous hardware failures discovered
between flights or during phase inspections by the ground crews. The
failures were random among the components with no particular item having
a high failure rate.

Maintainability.

The MMH/FH of this subsystem was very high in comparison with
contractor-prediction (table VI). The primary cause was that the
majority of the manhours was expended on removal and replacement of time
change items, windshields, and crew seats to facilitate other maintenance.

11




N
0
Wt~
—
[ 3
= 0
Q -
a % fleynInedx3y ~ 4x3
o gy - M g
: NOILIIG3Yd ON
n“.t 3 LT 9 L ¢ vUrl v ol T ———t
S% U-BT T 7 T A ) pprorr———
mm A 0L S VOV 6°ST smoton ooy [ T
- €°01 0°€ z°2S 6°F | smeneapry miey onpy sinop Buik) 4 /sinoy Buyo
55 8°8 0°¢ el STE e e HoY sinon Bulid/sinol Sunniedo
49 €6 S°¢ v 6v STV smensamy o - . -
T xom,, NVIG3aw AINVIAVA NY3W . 3DNVNILWIVWN 3dAL L6 €6 88
“ 2 . DI%s | 17 %06 071 %06
M_ o © SIS 1DIS ILBWDI0 J-UON 86" c6° 06"
% m 557 I T706° T ] i T el 1308V $$07 NOILYQY¥D30
- et IS'T°0C°T NT | samep saudy dous ou jo Aj1jIqoqoay
o3 €9¢C {9L°T"98° 1. NT | samopmy euiy
2 9 892 3 i ssmey sapay (eee) 6°78 L°8¢ L°T2
T e 3 8Z°0 ] axd simel #audY ey IT%06 | 107 %06 97 %06
M 3 £92 ¥ ¥ ¥ ¥ Bamel SaiSY Suty 8°0¢€T €°0¢% Z°9¢C
= 3ZIS 3TdwYS (S)YUBLINVUVY | NOLLNGINLSIC | FONYNILNIVM JdAl silyouy s35S07 | sNolLvavaoaa
m w $ONS LIS DMISNDID usaming sinol 5yBijg wew
0 .m SIN3IAT DNYNILNIVW 40 NOiLAGIdLSK ALITHEYITI3¥ NOISSIW WaLsASEnsS
\ g8
oo
S5
< - 07 0 LS sinsay 1} k193019 [ 8°ZT ] stmsay 1l £10333e)
-l 91 70 Z 1 ] H4/HANPIIPNId 18i3eiiNe) =7 asampaiapesd
.m.. s Tviol dONS INEY
- o
<59 ALITIGYNIVLNIVN ALIILVIT3HE IYVYMGUYH
g P 3
i 3= 000VL DNA ~ STOYINOD 1HOITA
> m s 1I43W 40 S3ANSId ALITISYNIVINIVW ANV ALITTIGYITI3Y
oo w
5§33 A 378VL o~

PRV v
K WA i g g

— s




Ve
13

~
feunaindxg - dx3

NN - A
JeusoN un-— - N1 NMONN LON JILSILYLS 0
NOILIIGIYd ON ,
L 0cC 0" v [ 24 € 0T SINOH-ueW |40
L B S0 ¢ Ut L ¢ ssmopj-uny deys
L70¢ 0% | 87LSC €01 samep-uoy suiy H 01 J
8°L 0°¢ 0°€T 9°¢ sImel sajdY (B8] ouoy sinop Suik ol Su
<7 <0 L 1 e 3 H1d/2inoH Dulnisdo
8 L 0°¢ L°CT 9°¢ sane} saudy sy 50" TRk -
xowy, NVIQawW IDNVIHVA NYIW | 3ONVNILNIVW 3dAL 86
DI%s | 137 %06 907 %06
SIS 1DIC DLIBIWDID J-UON 00°1 00°1 66"
5T TAMCER m prer—— 1¥089Y ss01 NOILYQV¥53q
L _ 8L°0°'%¥S°0, M sinel| 844y deyg ou jo Aijiqoqoig
SOT 92°0799°0; M sanop-emy oury
10T 8Z°0°'00°1 M saney; sapdY 84 ) Z°99s 2°99§ T1°¢€91
2 88°0°‘¥9°0 M ssn0) BAgIY deys 1071 %06 127 %06 107 %06
SOT 82°0°00°1 M same) Sandy St *x ¥ 6°GC¢E
3ZIS 3Tdwys (SYHILIWVEVS | NOILAGINLSIA | IDINYNILNIVW 3dAl si¥oaY $35507 | sNOLLYav¥93a
SIS 1DIS D UWOID ussmiag sinol $ybijd wen
SIN3 A3 FONVYNILNIVYW 40 NOILNBIALSIO ALINGYITI3E NOISSIW WA LSASaNsS
7 T 0 0 Z 1 siinsay 11 K1e3aie) [ €755 ] sumsey || Kie3aje)
Z°0 0°0 Z°0 H4/ HNN paiaipead 1e1d0iiNe) [T =] sg1npasanpard
viol doNs 3INC
ALITISYNIVLINIVN ALITGYINIY JUVYMOUYH

00091 JNA — 3INSAYD 3dYIS3
1I¥3W 40 STANDH ALITISYNIVLINIVW ONY ALITIGVIT3d
IA 3718V1




Y

e TR ARV RS

A

L L

s e e e g g -

O g e

A AT L Yo IR Ry ]

Propuision (%y ¢ 23000)

Reliability.

The hardware reliability for the propulsion subsystem (table VII)
was quite reasonable. It should be noted that the 21.7-hour MTBF is for
the propulsion subsystem (i.e., two engines) as are the mission relia-
bility statistics. The majority of the maintenance required was for re-
pair of engine instruments and most aircrew writeups were on the same
components, Of the eight aborts charged to the subsystem, two were
caused by the spike controls on FB-111lA No. 1 and two were caused by a
high turbine inlet temperature on start which required a new indicator
in one case and could not be duplicated in the other instance. The other
aborts were caused by a failed Nj tach generator which caused an overspeed
light, a failed fuzl control wh.ch prevented afterburner operation, a
failed air ejector valve which caused an o0il hot light, and one instance
of severe stalls which could not be duplicated.

Maintainability.

The propulsion subsystem MMH/FH (table VII) was consistently better
than the contractor predicted. This was attributed to reasonable relia-
bility and a good maintainability design. Engine removal required 2.0
clockhours and 6.0 manhours while reinstallatioen required 4.0 clockhours
and 12.0 mannours. Clock and manhours for line and shop were log-nor-
mally distributed.

Alr Conditioning, Pressurization and Surface |ce Control (WG 41000)
Reliakbility.

The reliability of this subsystem was low when all discrepancies
were considered (table VIII). There were 27 aircrew-discovered dis-
crepancies, 25 function degradations, and two function losses. The 25
function degradations were: seven environmental contro® system (ECS)
failures which caused the forward equipment hot light to illuminate,
eight failures in the pressurization system, seven failures in the air-
conditioning system, one failure in the anti-icing systems and twu inter-
mittent FCS discrepancies. There were a large number of minor componont
failures which were detected between Flights and during phase inspections.
These minor failures lowered the reliability of the subsystem even
further.

Maintainability.

The line (organizational level) MMH/FH for this subsystem more than
doubled the contractor-predicted value while the shop (field level) MMH/FH
was lower than contractor predictions (table VIII). This was caused by
the low hardware reliability which required line corrective maintenance.
The most frequent tasks were the removal and replacement of components
in the ECS and pressurization system., The nonparametric DOME statistics
(table VIII) for line active and shop manhours were tested and found to
be exponential and Weibull distributed, respectively. The values for
these statistics were quite reasonable.
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Electrical Power Supply (wyC 42000)
Reliability.

The reliability of this subsystem was acceptable (table IX). There
were only four aircrew-discovered discrepancies; three function degrada-
tions, and one mission abort. The three function degradations were:
two generator power contactor failures, and three circuit breakers popped.
On one flight the generator power contactor caused electrical transients
when the engine was shutdown, and the other generator power contactor
caused the inertial navigation system (INS) to dump when transferring
from ground power. There were several hardware failures that were dis-
covered between flights while performing maintenance on other components:
two generator failures, four external power monitor failures, and one
generator power contactor failure. The four external power monitor
failures prevented application of external power to the aircraft. One
generator failure caused a ground abort after being overserviced by
maintenance and was not used in the analysis of the data.

Maintainability.

The MMH/FH for this subsystem was 0.1, about equal to contractor
predictions., Most of the maintenance was for removing and replacing
external power monitors which required on an average of 4.0 MMH per
failure and making battery inspections, which required 2.0 MMH per
inspection, The DOME for line active and line manhours were tested and
both found to be log-normally distributed (table IX).

Lighting System (Wyc 44009)
Reliabilitz.

The reliability of this system was considered acceptable (table X).
There were 14 aircrew-~discovered discrepancies, 10 function degradations,
and 4 function losses. The 10 degradations were primarily burnt bulbs
or illuminated warning lights. The four losses were: three rotating
beacons failures, and both green lights in gear down indicator burned
out.

There were numerons hardware failures discovered by the ground crews
during preflighi and postflight inspections. Ther> were seven rotating
beacon failures, five master caution light failures and two flasher
failures which were discovered by the ground crew.

Maintainability.

The MMH/FH fcor the subsystem was 0.1 which was equal to the con-
tractor predictions (table X). Most of the maintenance manhours were
spent replacing burned out bulbs which required an average of 0.5 MMH
per failure while removal and replacement of rotating beacon assemblies
and master caution panels required an average of 1.0 and 2.0 MMH per
failure, respectively. The DOME for line active and line manhours were
tested and found to be log-normal and exponentially distributed (table
X).
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Pneudraulic Power Suppiy (WUC 45000)
Reliabilitz.

The reliability of this subsystem was somewhat low when all dis-
creopancies were considered (table XI). There were seven aircrew-dis-
covered discrepancies, four function degradations, one function loss,
and two mission aborts. The four function degradations were: three
primary hydraulic pressure switches inoperative, and one hydraulic pres-
sure transmitter caused indicator to read 3,300 psi with engines running
and 200 psi with engine shutdown. One function loss was attributed to
right engine primary hydraulic pump light illuminating. The two mission
aborts were: complete loss of utility hydraulic system when a hydraulic
expansion swivel joint broke and the other was when the utility hydraulic
light came on in flight, There were numerous hardware failures dis-
covered between flights or in phase inspections. The failures were
random among the components in the hydraulic system with no particular

component having a high failure rate.

Maintainability.

The MMH/FH for this system was below contractor-predicted values
(table XI). The majority of the manhours were for removal and replace-
ment of leaky parts throughout the system. The DOME for line active and
line manhours were tested and found to be exponentially and Weibull

distributed, respectively (table XI).

Fuel System (wucC 45000)
Reliabilitx.

The hardware reliability o. the fuel system was acceptable (table
XII). There were 29 aircrew-discovered function degradations and 1
mission abort. ™ the function degradations there were: 7 failures in
the distribution system, which caused the fuel distribution light to
illuminate; 6 failures in the inflight-refueling system; 4 failures in
the fuel quantity indication system; 11 failures in the fuel transfer
system; and 1 failure in the fuel dump system,

In the fuel distribution system there were varying component fail-
ures that caused the distribution light to illuminate. All the problems
related to the inflight refueling system involved making contact with
the tanker. The fuel quantity tanker system had one bad indicator and
the other failures involved calibration problems. This system also caused
the only abort against the fuel system. The fuel transfer system had
three transfer pump failures and random failures among switches and

valves. Fuel dumped overboard on one instance when an engine was
Retorquing a loose Wiggins coupling corrected the discrepancy.

started.
There were a large number of fuel leaks detected between flights and
corrected by the ground crew.

Maintainability.

The line (organizational level) MMH/FH for the fuel system was

slightly higher than the contractor-predicted value while the shop
The largest consumer

(field level) MMH/FH met predictions (table XII),
of MMH in the fuel system was repairing fuel cell leaks and trouble-
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Oxygen System (WUC 47000)
Reliabilitz.

The reliability of this system was considered acceptable (table
XIII). There were two aircrew-discovered function degradations and
numerous ground crew-discovered hardware failures. The function degrada-
tions were: right oxygen regulator inoperative, and the emergency
oxygen regulator leaking. Some of the ground crew failures were: crimped
oxygen hoses, leaking liquid oxygen converter, and several leakiny valves
and regulators.

Maintainability.

The MMH/FH for the oxygen system were equal to contractor-predicted
values (table XIII). This did not include servicing which came under
scheduled maintenance. The majority of manhours required were for time-
change-items. The easy access (removal and replacement) of the liquid
oxygen converter allowed it to be removed from the aircraft and taken
to a liquid oxygen servicing cart for refilling while the aircraft was
being fueled or having other maintenance performed. The DOME for both
line active and line manhours were tested and found to be log-normally
distributed (table XIII).

Miscallaneous Utilities (Wwuc 49000)

Reliabilitx.

The reliability of this system was acceptable (table XIV)., There
were no aircrew-discovered discrepancies reported. There were six ground
crew-discovered discrepancies, two fire detection control unit, and four
sensing element failures. Repair involved removing and replacing the
components. On the average, 2.0 MMH to change a control unit and 1.0
MMH to change a sensing element were required.

Maintainability.

The MMH/FH for this subsystem was below contractor-predicted values
(table XIV). The majority of the manhours was expended replacing sensing
elements in the fire detection system. The DOME for line active and
line manhours was tested and found to be Weibull and exponentially-
distributed, respectively (based on a very small sample size)-.
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instruments (WU C 51000)
Reliability.

The hardware MTBF shown in table XV resulted from scattered failures.
No single component appeared to have a dominant failure mode. The in-
struments subsystem averaged one aircrew write-up every 18 flight hours.
Of these write-ups, 35 percent were traced to problems with interfacing
subsystems and 14 percent could not be duplicated. One abort was charged
to the subsystem when a failed electronic control amplifier caused the
primary altimeter to be inoperative.

Maintainability.

The MMH/FH required by the instrument subsystem was more than

twice that predicted by the contractor (table XV). A contributing reason
for this high statistic was the inability of the maintenance technician
to isolate a failure to the correct line replaceable unit (LRU). In many
instances, several LRU's had to be removed and bench-checked to determine
which unit had failed. Of the total 1.8 MMH/FH measured, 0.3 MMH/FH were
expended removing, bench-checking, and replacing good components. The
remaining MMH/FH overage was attributed to low reliability.

Autopilot (WUC 52000)

Reliability.

The hardware reliability (table XVI) demonstrated by the autopilot
subsystem was considered reasonable although the mission reliability was
low. The majority of the aircrew-write-ups were considered functional
degradations in that a loss or improper response of only one mode of
autopilot was involved. Of the eight aborts charged to this subsystem,
three were caused by the feel-trim assembly, and one each by the roll
computer, roll rate gyro, and Central Air Data Computer. Six of the
eight abort-causing failures were discovered Juring the pretaxi surface
motion check,

Maintainability.

The measured MMH/FH (table XVI) exceeded predictions for the auto-
pilot subsystem. Much of the maintenance was for intermittent or flight
peculiar (that is, altitude-, temperature-, and g-related) discrepancies,
A full 25 percent of the aircrew write-ups could not be duplicated and
hence produced no pnsitive corrective maintenance action. When a fail-
ure was duplicated there was difficulty isolating it to the correct LRU.
A total of 0.4 MMH/FH was expended in removing, bench-checking, and re-
placing good units. Also, of the total MMH/FH shown in table XVI, 0.7
MMH/FH were due to TCTO accomplishment.

26




feyuauodx3y — dX3
jinqiag —- M

eulioN 307 —
jeulloN 3077 — N7 NOILJIO3Yd ON o

T 1Y 7 oL 0 G6t € L1 nop-vew [ovoL
G- GE 0°01 v L6¢C 9°91 Ssncy-wew Goys
8 LT 0t 9°¢8 S/ samepvow s r =3 1
0°9T S ¥ £°LG 0 [ | samesandy tsiey oupy sinon Butk s
A £ 7t ST T emeen dess HoU sanoH Dutfid/minol Sunssedo
0°8 1°C AR A L°C sael 843y Sui -~ - .
xow,, NVIQaw FIONYINVA NYIW FONYNILNIVN 3dAL 66 L6 £8
T %06 T %06 U071 %06
SIS OIS dHISWDID J-UON 00°1T 56- TR
801 v '1°'§C° ¢ _ NI sanep oW |98 Lu0sy $$07 NOJLYavyo3a
59 90°0 j dXd sinoH Sajicy deus ou jo A31j1qoqoay
50T 0T T LV 1 . N'T smojw—w Suiq
80T L6°0°8S°T NI saney saydy |ore) v -gee rA 4] 2°ST
c9 €806V T | NT sinoj sapdy deys 07 %6 191 %06 191 %06
90T ££°0'S6°0 N'T Samel Sap>y suiy 6°962T! L 621 8 LT
3ZIS 31dNVS (S)H¥3L3Iwvivd NOLLNGIdLSIO ADNVYNILANIYW 3dAL $1¥08Y $3assSO1 SNOLLYQYY¥934a
SOUSHDIG D MISWDID ussmiag sinol 3yBij4 uoep
SLN3IA3 IONYNILNIVW 40 NOILNEINLSIA ALITNIGYINIY NOISSIN W3 1SASENS
8°1 6°0 6°0 siinsay 11 K1033i29 [ 0°zZy__] sumsay |} S1e305e9
8°0 T°0 L70_] H3/HNNpai21peid 189011803 [« ] daimpasorpaud
aviol dOHS AN
ALITHBYNIVLINIYN ALITEVIN3Y IYYMOUVYH

000LS ONM — SLNIWNYLSNI

LI43W JO S3ANOId ALITIGYNIVLNIVN ANV ALITIGYIT3Y
AX 379V1

a




jennedx3 — dX3

[LLIET Bl |

jeutioN 3¢ ~ N1
NOILOI03Ud ON

S5 05 6 v ¢ 9901 Z°SC ssnej-vew |MeL
5LV 8 61 6 759 v GC ane-een dous
8 1¢ 0°9 Z2°6G¢C | ARA smepwew o¥1) [ T 1
P 6T 0"V £€°80T1 L 8 SOl CANIY SIS ) onoy sinoj Buik| 4 ssnoy Buyoied(
8- 91 0°8 9°%8 L 6 samej-uon doys
3 . . . Smep SAN3Y SwlT)
8 L 0°¢ A 8°¢€ H 1 7T 5e 5"
fabant™} NYiIa3w IINYINVA NVY3W IDONVYNILNIVHW 3dAl
1 %06 I971 %06 D7 %04
$D14S 140G DHISWDIO J-UON 86" 16" 16"
70T 20°678L-0] M ey 13089Y $507 NOILLYQV¥930
9¢g ¥0°0 N dXd same) sapudy doNg ou jo Apjqoqoad
€01 TEy 1 €8 L NI W owi _
LOT Ly ['PS°T N'T saney saisdy (060 b L6 6°29 1€
9§ 60°0°G0°"1 M Sime) sapdy doys WDixs | 11 %06 797 %06
€01 GL 07660 NT smely 04V w1y T°86T | ¥°06 1°82
3ZI1S 31dNYS (S)¥ILINVYVL NOLLNYIN1SIO JONYNILNIVW 3dAL si13¥09vY $35%077 SNOILYAVYH93d
SOUSHNIG D NIsUmID g usemiag sinol 3ybi g wew
SLN3A3 IDNVYNILNIVW 30 NOILNAI¥1SK] ALITIGYIT3Y NOISSIN WILSASENS
8 1 6 0 6°0 siinsay 11 K1030329 poLTL siinsay 1| K1e3ie)
60 €70 |9 0 | H3/HANPaIapeid 1eiaeine] =1 siwpeispaud
Iviol dOHS AR

ALITIGYNIVLINIVN ALINSYIT3Y SRVARGHUVH

00ZS DNM — 107H4OLNY
LIN3IW 40 STANOIE ALITISYNIVLNIVN GNY Aliaviiay
IAX 378vYL

- - P - .o . i et e . - . - . ..

e

T o a8
T s B

.

S i FA




HF Communications (WUC 61000)
Reliability.

The reliability of the AN/ARC-123 HF Communications subsystem was
very low. The Category II MTBF results were approximately one-tenth of
the prediction (table XVII). There were 13 aircrew-discovered discre-
pancies, 6 function degradations, and 7 function losses. The six func-
tion degradations were: two control panel failures, two receiver-trans-
mitter (R/T) unit failures, one amplifier and one coupler failure. The
seven function losses were; four R/T unit failures, two failures which
could not be duplicated, and one coupler failure.

Of the six R/T unit failures, two were reparable in the shop (field
level) while the other four had to be sent to the depot for repair. The
couplers and control panels were repaired locally except for one coupler
and one control panel which were sent to the depot.

Maintainability.

The MMH/FH for this subsystem was double the predicted value
(table XVII). The line (organizational level) maintenance was equal to
the predictions, while the shop (field level) was three times greater
than the predicted value {(table XVII). The majority of the shop manhours
was spent repairing or replacing modules in the R/T units. If module
replacement did not solve the problem, the R/T units were sent to the
depot for repair. The parametric statisitcs for all maintenance param-
eters were tested and found to be log-normally distributed.

UHF Communications (WyC 63000)

Reliability.

The relatively low hardware MTBF of the AN/ARC-109 communications
subsystem shown in table XVII1 was caused by numerous component failures.
There were 44 aircrew-discovered discrepancies: 39 function degradations,
4 function losses, and 1 mission abort. The 39 function degradations
were: 17 R/T unit failures, 1l UHF foot switch failure, 3 antenna coaxial
switch failures, 5 antenna failures, and 13 write-ups that could not be
duplicated. The four function losses were: three R/T unit failures and
one antenna failure. The mission abort was a R/T unit failure.

There was a total of 21 R/T unit failures discovered by the aircrew.
Of the 21 R/T unit hardware failures, five modules were replaced by the
shop (field level). These modules were then sent to the depot for re-
pair. The remaining 16 R/T unit failures required alignment and adjust-
ments to modules within the R/T unit. After this was done, the R/T unit
bench-checked as serviceable and returned to the aircraft.

Maintainability.

The MMH/FH for this subsystem was slightly lower than predictions
(table XVIII). Even though the reliability of the hardware was low the
time for repair was about equal to predictions. This was because most
of the line MMH's were spent on removal and replacement of R/T units
while troubleshooting discrepancies that could not be duplicated. The
shop MMH's were slightly lower than predicted because most of the time
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Overall, the maintainability

The DOME parametric statistics for

all maintenance statistics were tested and found to be log-normally

was spent in adjustment to the R/T units.
distributed.

of this system was quite reasonable.
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Interphone System (WU C 64000)

Reliability.

The reliability of the AN/AIC-25 interphone system was well below
predicted values (table XIX). There were 13 aircrew-discovered dis-
crepancies: 12 of which were function degradations and 1 a function
loss. The function degradations were: 1 control panel with no hot mic
at altitude, 1 control panel not secured in the cockpit, and 10 inter-
mittent transmission and reception failures. The navigator foot switch
was inoperative in the only function loss.

Maintainability.

The MMH/FH for the interphone system amounted to 0.1, about equal
to the contractor predictions. Most of the maintenance was for trouble-
shooting or repairing interphone cords associated with the intermittent
transmission and reception failures. The DOME for line active and line

manhours were tested and both found to be log-normally distributed
(table XIX).

Identification Friend or Foe (WyC 6500u)

Reliability.
The reliability of the AN/APX-64V IFF was below the predicted value
(table XX). There were 11 aircrew-discovered discrepancies, 5 function

degradations and 6 function losses. The five function degradations were:
three intermittent operations of IFF and two intermittent caution lights,
The six function losses were: one IFF antenna lost inflight and five

R/T unit failures. All R/T units were repaired in the shop (field level)
by replacing various modules in three R/T units and repairing connectors
in the other two R/T units. One power supply module and one generator
module were not reparable this station and were sent to the depot level
for repair.

Maintainability.

The MMH/FH for this subsystem came to 0.1 which was about equal to
predictions (table XX). The majority of the maintenance manhours was
for troubleshooting intermittent discrepancies and for shop (field level)
repair of the R/T units. The DOME for line active and shop active hour
statistics were found to be Weibull distributed, while line and shop
manhour statistics were found to be log-normally distributed.
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Radio Navigation (Wy ¢ 71000)

Reliability.

The reliability of the subsystem was about half of the predicted
value (table XXI) for the tacan only. There were no instrument landing
approach system (ILAS) failures during this data span so no MTBF value
could be derived. The Category II MTBF result is for the tacan only.

There were 22 aircrew-discovered discrepancies, 17 discrepancies
against the tacan system, and 5 discrepancies against the ILAS system.

Of the 17 tacan discrepancies, 12 were function degradations, and 5
were function losses. The 12 function degradatien were: 9 R/T unit
failures and 3 discrepancies that could not be duplicated. The five
function losses were all R/T unit failures.

Repair 2f the R/T unit failures required the removal and replacement
of modules within the R/T unit of all failures except one which bench-
checked as satisfactory. There were four modules that had a high failure
rate. These were: 10 bearing module failures, 6 range mechanical module
failures, 4 RF modulator module failures and 3 power supply module failures.
All the module failures were not repairable at the field level and were
sent to depot for repair.

The five ILAS discrepancies were four function degradations and one
function loss. The four function degradatior - could not be duplicated
by the maintenance crew, while the one function loss was attributed to a
broken antenna coaxial cable. The reliability of this subsystem could
not be adequately evaluated from this data due to the low utilization rate
of this subsystem.

Maintainability.

The MMH/FH of table XXI are for tacan subsystem only as there were
no ILAS discrepancies during that time period. The line (organizational
level) MMH/FH for this subsystem was slightly higher than the predicted
value while the shop {(field level) more than doubled the predicted value.
This was caused by the low hardware reliability which required shop cor-
rective maintenance. The shop repairs consumed the largest amount of
manhours primarily after the removal and replacement of a module within
the R/T unit required realignment of the R/T unit.

The total MMH/FH of the radio navigation subsystem more than doubled
the predicted value (table XXI) primarily because of shop repairs. The
line~active and shop-active DOME parametric statistics were tested and
found to be log-normally and Weibull distributed, while line manhours
and shop manhours were both found to be Weibull distributed.
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Bombing Navigation (WycC 73000)
Reliability.

Both the mission and hardware reliability for the bombing navigation
subsystem were considered low (table XXII). In subsequent analyses,
the predicted MTBF's were qualification test statistics that applied to
MIL-STD-781A testing (referesnce 17) and were obtained from a Program
Reliability Review (reference 18). Some degradation in reliability must
be expected between the environments specified in MIL-STD-78l1A and the
actual flight environment, but these predicted MIBF's are used as a
basis for comparison.

Maintainability.

The measured MMH/FH was over twice that predicted by the contractor
(table XXII). This overage was attributed to both low reliability and
low maintainability. The majority of the line MMH was required for trouble-
shooting. Once a faulty component was isoiated, removal and replacemant
were easily accomplished. Further contributing to the problems of main-
taining the subsystem was the difficulty in duplicating altitude-,
temperature-, or g-related failures. Over the entire test program, 37
percent of the aircrew write-ups could not be duplicated, and a writeup
that could not be duplicated invariably required more manhours than if a
failure had been found.

It should be noted that aircrew debriefing was and will be a critical
maintenance function for this subsystem. Subsystem functions were often
written up by the aircrew as malfunctioning when in fact another subsystem
function had failed and provided an inaccurate input to the subsystem func-
tion reported as failed.

Radar Altimeter Set (WyC 73C00)

Reliability.

The reliability of the AN/APN-167 radar altimeter was extremely low.
The MTBF was far below the predicted value (table XXIII). There were 14
aircrew-discovered discrepancies, 13 function degradations, and one func-
tion loss. The 13 function degradations were: 4 indicator failures,
5 R/T unit failures and 4 discrepancies that could not be duplicated.
The four indicator failures were not repairable in the shop (field level)
and were sent to the depot for repair. The five R/T unit failures were
required by alignment for two R/T units and by replacement of modules in
the other three R/T units. The modules were then sent to the depot for
repair. The one function loss was caused by an indicator failure which
was sent to the depot for repair. The "could not duplicate" rate was
20 percent of all discrepancies for this subsystem.

Maintainability.

The Category II MMH/FH results for this subsystem are quite reason-
able, but there are not predicted values for comparison (table XXTII).
The line (organizational level) and shop (field level) MMH/FH values were
the same.

The DOME parametric statistics for line active, line manhours, shop
manhours were fcund to be log-normally distributed; while shop active,
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fnertial Navigation System (WY C T3HOO0)

Reliability.

The INS includes the IRU, the navigation computer unit (NCU), two
general purpose coamputexrs (GPC's), the converter, and other smaller com-
ponents. Both the mission and hardware reliability of the INS were very
low (table XXIV). Earlier in this series of reports, the IRU, GPC, and
converter were identified as reliability problems. Aiter that time, the
IRU did not demonstrate as much reliability growth as the GPC and conver-
ter. TCTO 1F-111-B-A850 changed the IRU from the ~91 to the -111 configura-
tion in an attempt to improve reliability. During Category II testing,
the -91 IRU measured 95 hours MIBF's are based on a small sample size
(three failures for the -91 and six failures for the -111). The data
indicates that TCTO 1F-111-B~A-850 may be ineffective in improving IRU
reliability.

Maintainability.

The MMH/FH for this subsystem was cconsidered high (table XXIV).
While part of this MMH/FH was due to low reliability, there was a main-
tainability problem with the avionics status/warning lights associated
with this subsystem. A full 60 percent of the maintenance actions were
initiated because those lights {and possibly other symptoms) did not
actually indicate corresponding hardwvare failures. Some of these mainte-
nance actions may have been software failures that were corrected when
the computers were bench-checked and reloaded with programs. The exact
percentage was not known, but was suspected to have been a minority of
those instances.

Illumination of status/warning lights that could not be duplicated
cause considerable unneeded maintenance. An investigation should be
conducted to determine the feasibility of improving the accuracy of
status/warning lights RV

Attack Radar (Wycg 73J00)

Reliability.

Both mission and hardware reliability of the AN/APQ-114 attack radar
were excellent (table XXV). The majority of the aircrew write-ups con-
cerned function degradations and seldom seriously impacted the missions.
0f all write-ups, approximately 22 percent concerned the clock and camera.
Further, 35 percent of all aircrew write-ups could not be duplicated by
maintenance personnel. It was suspected that the majority of these prob-
lems originated with equipments interfacing with the attack radar.

Maintainability.

Although the contractor made no predictions for the attack radar,
the MMH/FH shown in table XXV is considered quite reasonable, This
figure may increase somewhat in operational use since very little shop
(field level} maintenance was done during Category II testing. In most
instances, the failed unit was returned to the contractor because of AGE

unavailability.

IBoldface numerals preceded by an R correspond to the recommendation numbers tobulated in the
Conclusions ond Recommendations seciion of this report,
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The shop active and manhours was tested and found to fit the Weibull

distribution while line man, total active, and total manhours were log-

normally distributed.
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Terrain Following Radar (WY C 73K00)

Reliability.

The mission and hardware reliability (table XXVI) of the AN/APQ-128
terrain following radar (TFR) was low when compared to MIL-STD-78lA
statistics. The TFR averaged 1 aircrew write-up every 17 flight hours
and about half of these write-ups were considered hardware failures.

The remaining write-ups were "cleared" by adjustments or could not be
duplicated.

Maintainability.

Although the contractor did not make MMH/FH predictions, the measured
MMH/FH (table XXVI) was considered excessive. The line portions of the
MMH/FH was high because of the low system reliability while the shop
MMH/Fh was attributed both to low reliability and troubleshooting diffi-
culties.

The DOME for line active, line man, total active, and total manhours

was tested and found to be log-normally distributed. The shop active and
shop manhours were Weibull distributed.

Doppler Radar (WUC 73L00)

Reliability.
The reliability of the AN/APN-185 Doppler radar was lower than the
predicted MIBF value (table XXVII). There were 18 aircrew-discovered

discrepancies, 8 function degradations, and 10 function losses. The eight
function degradations were: one Doppler antenna failure, one electronic
unit failure, and six discrepancies that could not be duplicated by the
ground crew. The electronic unit failure accounted for all 10 of the
function losses.

The electronics units of the Doppler system had the highest failure
rate of any component. There were a total of 1l electronic units that
failed of which cnly one was repaired at the line (organizational level),
two were repaired at the shop (field level), and eight were sent to the
depot for repair. Approximately 30 percent of all discrepancies could
not be duplicated by the ground crew.

Maintainability.

The Category II MMH/FH results for this subsystem were quite reason-
able, but there are no predicted values for comparison (table XXVII). The
line (organizational level) and shop (field level) MMH/FH values were the
same. The reason for this is primarily because the electronic unit was
the component that failed and very few repairs could be made locally on
this unit. The DOME parametric statistics for all types of maintenance
except shop manhours were found to be log-normally distributed, while
shop manhours was found to be Weibull distributed.
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Astrotracker (WyC 13M00)

Reliability.

The reliability of the AN/ASQ-119 astrocompass was extremely low.
The MTBF was nowhere near the predicted value (table XXVIII). There
were 22 aircrew-~discovered discrepancies: 13 function degradations,
and 9 function losses. The 13 degradations were: 5 tracker unit failures,
4 electronics unit failures and 4 discrepancies that could not be dupli-
cated by the ground crew. The nine function losses were: six electronics
unit failures, one tracker unit failure, and two discrepancies that could
not be duplicated by the ground crew.

There were six tracker unit failures all of which had to be sent
to the depot for repair except one which was repaired by replacing
several modules. The modules were then sent to the depot for repair.
There were 10 electronics unit failures all of which were sent to the
depot for repair except for two which were repaired locally. The astro-
compass was considered unreliable due to a low hardware reliability, and
the utilization rate was not .igh enough to get an accurate prediction
of the reliability of the subsystem,

Maintainability.

The high MMH/FH was due to low hardware reliability. There were
many MMH's spent troubleshooting the system by the line (organizational
level) , and the MMH's for the shop (field level) were also high. The
DOME parametric statistics for line active, total active, and total man-
hours were found to be log-normally distributed; shop active and shop
manhours were found to be Weibull distributed, and line manhours were
found to be exponentially distributed.

Weapons Delivery (WU C 75000)
Reliability.

Both the hardware and mission reliability of the weapons delivery
subsystem was low (table XXIX). Occurring failures were approximately
split between the weapons suspension components (pylons and bay) and the
weapons control components. The weapons suspension failures were normally
discovered between flights and had little impact on mission success. The
weapons control failures were usually discovered by the aircrew and were
considerably more serious. As a result of control failures there were
two aborts for inadvertent releases, two aborts for "no-release" failures,
and one abort for a bay door that would not open.

Maintainability.

The measured MMH/FH was twice that predicted (table XXIX). This
overage was attributed to low reliability and to difficulties in maiantain-
ing the system. A full 37 percent of the aircrew write-ups could not be
duplicated and herce produced no positive corrective maintenance action.
Following the two inadvertent releases, complete weapons delivery subsys-
tem checkouts were accomplished. One checkout required 160 manhours and
the other required 230 manhours.
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Electronic Countermeasures (WyC 76000)
Reliabilitz.

The reliability of this subsystem was extremely low (table XXX}.
There were 15 aircrew-discovered discrepancies: 12 function degradations,
2 function losses, and 1 mission abort.

During the test program, the penetration aids subsystem demonstrated
a MIBF of 12.4 flying hours. The associated 90-percent confidence limit
was 8.9 flying hours. A further breakdown of requipment reliability is
shown below, where the flying hours, MTBF, and associated 90-percent
lower confidence limit are listed for each system within the penetration
aids subsystem.

Total

Flying MTBF 90-Percent Lower Confidence Limit
System Hours (Flying Hours) (Flying Hours)
AN/ALQ-94 170.3 34.1 18.7
AN/AAR-34 152.8 38.2 19.1
AN/ALE-28 38.4 38.4 9.9
AN/APS-109Aa/ 198.6 39.7 21.3
ALR-41
Interference 198.6 198.6 51.6
Blanker

Maintainability.

Because of the nonrepresentative maintenance performed during testing,
no attempt at a guantitative maintainability analysis was made. From a
gualitative standpoint, the majority of the maintainability problems en-
countered were with the AN/ALQ-94.

A large problem area exists in the ability of the go/no~-go test on
this component. On three flights over instrumented ranges, ground instru-
mentation determined that the ALQ-94 was not working satisfactorily, but
no indication of difficulty was presented to the aircrew. Subsequently,
both systems which exhibited these symptoms failed within the next 10
flight hours.
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OVERALL AIRCRAFT
Reliability

Hardware Reliability.

The overall reliability of the FB-111A aircraft in terms of hardware
failures was 1.5 hcurs MTBF (table XXXI). This figure is optimistic be-
cause not all subsystems were operated during a significant percentage
of the accumulated flight hours. The subsystems that only accumulated a
small percentage of the total flight hours biased the hardware MTBF value.

Because of the multiple configurations of most subsystems and the
widely varying size and utilization rate of Category II fleet, it was
not possible to determine if any substantial reliability growth existed
during Category II test. The lack of contractor predictions for hard-
ware reliability made it impossible to measure the aircraft against any
design goals.

Mission Reliability.

During the Category II test program the aircraft demonstrated a
MFHBFD of 1.5 flight hours. The number of ground-crew-discovered hard-
ware failures was approximately the same as the number of aircrew write-
ups that did not yield a hardware failure. As a result, the hardware
MTBF was about equal to the MFHBFD. The aircraft demonstrated a Mean
Time Between Tunction Losses of 5.0 flight hours. Again, these statistics
were biased upwards by the low flight hours accumulated on some subsystems.
Appendix I shows the flight hours accumulated on eacn subsystem and also
summarizes the mission reliability statistics by subsystem.

Maintainability

Support General (Scheduled) Maintenance.

The contractor predicted 6.3 MMH/FH for support general maintenance
{(WUC groups 01 through 09) and 22,9 MMH/FH would be required during Cate-
gory II testing. Any comparison of support general MMH/FH's must consider
the following usage restrictions (abstracted from: Maintainability
Specification for Model FB-111A Weapon System, reference 19):

"Military usage in excess of 2.8 MMH/FH shall not be
chargeable to the contractor MMH/FH requirement. Mili-
tary usage shall include all labor expended under WUC's
02, 05, 06, 07, 08, 09, that portion of code 01, Ground
Handling and Service {ground handling only) and that
portion of code 04, Special Inspections (Special
Inspection for Modification, Test Flight, After Fire,
Excessive 'g', Hand Loading and Hot Start; Engine

Time, Weight and Balance, Compass Swing, Accident/
Incident Investigation, Reclamation, Emergency Equip-
ment Check DD 780 Inventory)."

Censoring the Category II data to meet this restriction yielded a measured

MMH/FH of 13.0. The remaining difference is attributed entirely to un-
realistic contractor predictions.
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Nonsupport General (Unscheduled) Maintenance.

The contractor predicted 17.5 MMH/FH for nonsupport maintenance
(WUC's 11 through 99), and 25.8 MMH/FH was required during Category Il
testing. Of the measured value, 4.6 MMH/FH was required for TCTO accom-
plishment. Even if TCTO requirements decrease as the weapons system
matures, a remaining difference of 3.7 MMH/FH would be expected. Since
the nonavionics subsystems (with the flight controls excepted) generally
met contractor predictions and the avionics subsystems (with the communi-
cations subsystems excepted) exceeded predictions, reliability improve-
ments in the flight controls and avionics subsystem should allow the air
vehicle to meet maintainability predictions for unscheduled maintenance.
Table XXXII shows the measured MMH/FH by Work Unit Code.

Table (XILII

MMH/FH SUMHMARY

Line Shop lotal
Title WLC *IME/FPH ME/FH MH/FH
Support Generalmtenance Actions
AND HANDLING, SERVICFP, FLY 01000 10.1 .0 10.1
AIRCRAI'T CLEANING 02000 0.7 0.0 0.7
LOOK PHASE OF INSPICTION 03000 7.7 0.0 7.7
SPECIAL INSPECTIONS 04000 1.6 0.8 2.4
ACFT AND ENGINE STORAGL 05000 0.0 0.1 0.1
GROUND SARLTY 06000 0.1 0.0 0.1
PREPARATION ACFT RECORDS 07000 0.4 0.0 0.4
SPLCIAL WPNS HANDLING 08000 0.0 0.0 Y]
SHOP SUPPORT GENERAL 09000 0.0 1.2 1.3
Totals for Suppnrt General 10.1 0.6 10 7
Nonsupport General !Maintenance Actions
AIRFRAME 11000 2.8 0.1 -9
LANDING GEAR 13000 1.3 0.1 1.4
FLIGIHT CONTROGL 14000 3,7 0.3 40
FSCAPL CAPSULL 16000 1.2 0.0 1.2
TURBO JET POWIP PLANT 23000 0.9 0.5 1.4
AIP CONDITION, PRYSSURE 41000 0.7 0.0 0.7
CLECTRICAL POWLF SUPPLY 42000 0.1 0.0 0.1
LIGHTING SYSTLM 44000 0.0 0.0 0.1
PMLUDRAULIC PCWER SUPPLY 45000 0.4 0.0 0.4
FUEL SYSTEM 46000 04 0.0 0.4
OXYGLN SYSTEM 47900 0,0 0.0 00
MISCELLANFOUS UTILITIES 49000 0.0 0.0 0.0
INSTRUMENTS 51000 0.8 0.9 1,7
AUTOPILOT 52000 0.9 0.3 1.8
HF COMMUNICATIONS 61000 0,1 0.3 0.4
UHF COMMUNICATIONS 63000 0.2 0.0 0.2
INTERPHONE 64000 0.1 0.0 0.1
IFF/SIF 65000 0,0 0.1 01
MISC COMM LQUIPMLNT 69000 0.1 0.0 0.1
RADIO NAVIGATION 71000 0.2 0.4 0.6
BOMBING NAVIGATION 73000 2.1 2.8 4.9
T"LRE CONTROL 74000 0.0 0.0 0.0
WEAPONS DFLIVEPY 75000 0.5 0.1 0.6
FLFCTRONIC COULNTERMEASURE 76000 0.5 1.4 1.9
PFRSONNEL EQUIPMENT 96000 0.0 0.0 0.0
EXPLOSIVE DEVICES 97000 0.2 0.0 0.2
Totals for Nonsupport General 17.1 8.2 25.3
FB~111A Aircraft Totals 37.7 10.3 48.0
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AVAILABILITY

Aircraft availability is a measure of the degree to which an air-
craft is in the operable and commitable state at the start of the mission,
when the mission is called for at an unknown {(random) point in time.
Inherent availability is a functior. of aircraft reliability, the effec-
tive 1ess of maintainability design, and the adequacy of the contractor-
recommended number of maintenance personnel, spares, AGE, and technical
orders, but not the operational environment. Inherent availability can
be expressed by the formula:

A, = Total Time - Active Repair Time
i Total Time

For ease of computing the active repair time the following formula was
used:

MART FH FLT MAPT PI FH
A o DH/MON - Fry- MON FH ' BT FH WON
i AH/MON
where,
A, = inherent aircraft availability
AH/MON = active hour per month that the aircraft was available for
flying and/or maintenance
MART/FLT = mean active hours to repair the aircraft between successive
flights
MAPT/PI = mean active hours required to complete a phase inspection.

FLT/FH = number of flights per hour.
FH/MON = number of flight hours per month.

PI/FH

number of phase inspections per flight hour.

The MART/FLT and the MAPT/PI were calculated using only active main-
tenance times, since administrative and logistic delays were a function
of the maintenance management at each operational unit and therefore must
be excluded from any calculation of inherent availability.

The following calculations use:

4.0 active hours per flight

MAPT/FLT

1}

MAPT/PI 36.0 active hours per phase inspection

and the following assumptions:

16 hours per day for 22 days per month
352 active hours per month

AH/MON
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FH/MON

FLT/FH

PI/FH

Giving:

30 flight hours per month
0.5 flight per flight hour (2-hour average flight deviatior)

0.04 phase inspection/flight hour (a constant)

352 - [(4.0)(30)(0.5) + (36.0)(0.04)(30)]
352

352 - (60.0 + 43.2)
352

70.5 percent.

Because the above assumptions may be unrealistic for an operational
unit, figures 1, 2, and 3 are presented. Each graph plots Aj as a furc-
tion of active hours per day with separate curves for average flight
durations of 2, 4, and 6 hours. Figure 1 assumes 20 flight hours per
month while figures 2 and 3 assume 30 and 40 flight hours per month

respectively.

Figures 1, 2, and 3 are on the following pages
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CONCLUSIONS AND
RECOMMENDATION

RELIABILITY

The overall reliability of the FB-111A aircraft in terms of hardware
failures was 1.6 hours MTBF. This figure is optimistic because not all
subsystems were operated during a significant percentage of the accumu-
lated flight hours. The subsystems that only accumulated a small per-
centage of the total flight hours biased the hardware MTBF value.

During the Category II test program the aircraft demonstrated a mean
flying hours between function degradation of 1.5 f£light hours. The number
of ground-crew-discovered hardware failures was approximately the same as
the number of aircrew writeups that did not yield a hardware failure.

As a result, the hardware MTBF was about equal to the MFHBFD. The air-
craft demonstrated a Mean Time Between Function Losses of 5.0 flight hours.
Again, these statistics were biased upwards by the low f£light hours accu-
mulated on some subsystems.

With the exception of the flight controls subsystem, the reliability
of the nonavionics subsystems was considered acceptable. Should modifica-
tions incorporated into the aircraft prove effective, the flight controls
subsystems should approach satisfactory reliability.

The reliability of the avionics subsystems was low (with the excep-
tion of the attack radar) when compared with qualification test statistics
that applied to MIL-STD-781A testing.

Because of the multiple configurations of most subsystems and the
widely varying size and utilization rate of Category II fleet, it was
not possible to determine if any substantial reliability growth existed
during Category II test. The lack of contractor predictions for hardware
reliability made it impossible to measure the aircraft against any design
goals,

MAINTAINABILITY

The contractor predicted that an MIH/FH of 6.3 would be required
for support general maintenance (WUC groups 01 through 09); 22.9 MMH/FH
was required during Category II testing.

Censoring the Category II data to meet restrictions on military usage
as defined in the text (page ) yielded a measured MMH/FH of 13.0. The
remaining difference is attributed entirely to unrealistic contractor
predictions.

The contractor predicted 17.5 MMH/FH for nonsupport maintenance
(WUC's 1L through 99), and 25.8 MMH/FH was required during Category II
testing, Of the measured value, 4.6 MMH/FH was required for TCTO accom-
plishment. Even if TCTO requirements decrease as the weapons system
matures, a remaining difference of 3.7 MMH/FH would be expected. Since
the nonavionics subsystems (with the flight controls excepted) generally
met contractor predictions and the avionics subsystems (with the communi-
cations subsystems excepted) exceeded predictions, reliability improve-
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ments in the flight contreo!s and avionics subsystem should allow the air
vehicle to meet ma2inta.nability predictions for unscheduled maintenance.

There was a high "cainnot duplicate" rate for some subsystems due to
altitude, temperatire, or g-related malfunctions.

Within the inertial i.avigation subsystems, 60 percent of the mainte-
nance actions initiatc® beccuse of status-warning lights (and possibly
other symptoms) did not tiace to a hardware failure.

1. An investigation should be conducted to determine the feasibility
of improving the accuracy of status/warning lights (page 40).
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APPENDIX 1

GENERAL INFORMATION

AIRFRAME

LANDING GEAR
FLIGHT CONTROL
ESCAPE CAPSULE
TURBO=JET ENGINE
AIR COND + PRESS
ELECTRICAL POWER
LIGHTING SYSTEM
HYD ¢+ PNEU POWER
FUEL

ATR REFUELING
OXYGEN SYSTEM
MISC UTILITIES
INSTRUMENTS
AUTOPILOT

AIR DATA

HF COMM

UHF COMM
INTERPHONE
IFF/SIF

MISC COMM EQUIP
TACAN

ILAS

UHF/7ADF

RNNZ BEACON
INERTIAL NAV
ATTACK RADAR
RADAR ALTIMETER
TFR

DOPPLER
ASTRO=TRACKER
DISPLAY SUBSYSTE
0DsS

DUAL B80MB TIMER
COMPUTER COMPLEX
PYLONS

WEAPONS BAY
WEAPONS CONTROL
WEAPONS RACKS
TRACK BREAKER
CMRS

CMNS

RHAWS
INSTRUMENTATION

FUNCTION
SUCCESS

W77
488
455
494
452
L67
496
483
492
473

53
496
497
424
L34
492
173
450
436
479
495
Le4

FB1i11A CATEGORY II
AIRCREW EVALUATION SUMMARY

FUNCTION
DEGRADATION
18
9
24
L
42
24
3
13
4
23
5
2
0
63
31
4
6
40
12
6
i
12
4
0
7
28
338
13
16
8

-
=

=

o NO WM JNONO WS

-

FUNCTION
LOSS

i
0F‘QQHNQO—‘QMOOQ@QNMQNQOF‘U‘IOO\D:ﬂHO\\DOQQOP“ONNQO\N(A

MISSION
ABORT

OO RPRONWOOOOCOODOONNOR NNOOODOCOOMROFRDDFROOOM WOrHFRO®OONM

TIME
{HOURS)
1308.,06
1308.06
1308.06
1303.65
1308.,06
1295,81
1308.06
1308.06
1308.06
1302.,37
279.91
1304,.81
1305.06
1296.94
1265417
1303.23
600.78
129%,.70
1303.90
1293.31
1304.80
1277.18
392.73
bhe32
279,04
1286448
1087.61
1283,95
60S.64
833.70
318.10
1233,33
1136.,00
35.09
1202403
551.82
228.65
449,29
456.36
125,84
107.13
20.06
140.59
1078.92
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APPENDIX 11
DATA COLLECTION AND FORMULAE
OPERATIONAL DATA SYSTEM

Reliability data were collected by use of the Aircraft Debriefing
Record (AFFTC Form 0-294), figure 4. The reliability and maintainability
(R&M) engineer or his designated representative recorded the crewmember's
analysis of subsystem deficiencies and malfunctions that occurred during
the mission on the AFFTC Form 0-294. These reliability codes were used
to record debriefing of the aircrew:

No entry System was not used.
1 System operated satisfactorily.
2 System malfunctioned (was of degraded operation re-

quiring corrective maintenance action), but was still
capable of performing its intended function to a
level at which the mission objectives for this sub-
system were still accomplished.

3 System was completely inoperative or a required mode
of operation was inoperative (in the minimum speci-
fied performance of the subsystem was not attained),
but the failure did not cause an abort.

4 System failure as defined by 3 above that caused an
abort,
5 Mission was flown with a known system discrepancy.

If a new unrelated discrepancy occurred or system
operation was satisfactory except for the known
discrepancy, the appropriate code was entered.

The following definitions of mission effectiveness were used:

1. Ground Abort - Anytime the engine was shut down after engine start.
Anytime maintenance was required before the pilot would take the
aircraft, for example, adjustment of the system to obtain a usable
presentation.

2. Air Abort ~ Anytime the aircraft was landed before normal mission
completion for any safety-of-flight reason. Whenever the primery
preplanned mission could not be performed due to a subsystem failure,

This form was also used to summarize the maintenance actions re-
quired to correct flight discrepancies. The R&M . ngineer evaluated each
discrepancy after maintenance action was completed to determine whether
it was a valid failure, discrepancy, etc., before including the informa-
tion in the master history file.

Next the forms were keypunched and entered into the reliability
master history file and a computerized listing of ali data by mission
was output. The R&M engineer edited this data product and corrected
any data errors before performing any analysis on this file,
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TYPE
AIRCRAFT DEBRIEFING RECORD (FB=111A)
C—A_io § AIRCRAFY TYPL 2 1D SERIAL NO. 3 MISSION NO 4 DAYE 8 TO TIME § DURATIOK 7 TYPE a .
NO. DAY  MONTH YEAR |wHoum MIN HOUR MiIN viasion [* ¥fecr] ? WUPT | :
F8 11, 1 1ALaL | L1 R B | [ 1 1L |
10 HiGH MAacH |11 HIGH ALT L%u [4° :u: st ?:EE'E&"‘ NHW:“' "s»w’é’s '&L"di"woo 17
L1 MIN HOUR  wMiIm 1
1L led d i.lel byl Lt { L.t
N 18 wLOT 19 NAviGATOR 20 - ‘
!
ARD 8L OCK] REL CAiD lLBC L
A ﬁ_!? Co0E SYSTEM NAME NO | NO nfu SYSTEM NAME
. 21 AIRFRAME S R 5t INERTIAL NAVIGATION .
22 . . 52 ATTACK RADAR
23 LANDING GEAR e 53 RADAR ALTIMETER
[ 24 FLIGHT CONTROL 54 TFR
25 | escape caPsULE e e oo 55 DOPPLER
26 TURBO-JET ENGINE 56 ASTRO-TRACKER
27~ | AIR CONDITIONING & Pnessun_n;_AjnoE«“ ] | 57 DISPLAY SUBSYSTEM
81 ELECTRICAL POWER 8 cos
i 29 ] _ |LIGHTING SYSTEM i} o 59 DUAL INDICAT'NG BOMB TIMER
30 HYDRAULIC & PNEUMArlq P()Wt_R A 60 COMPUTECR COMPLEX
i 1| | FuEL L B L 61 -
i 32 AIR REFUELING . 62
g 33 = 63 PYLONS ] ‘
‘* 34 OXYGEN SYSTEM . 64 WFAPONS BAY
.2 | 38|  [MISCELLANEOUS UTILITIES )2 s WEAPONS CONTROL
DUl se | {insTRumenTs .. . . _ _ . [es| _]weAroNs rAcKs
i 37 ) 67
i 5 AUTO PILOT 68 TRACK BREAKER SYSTEM “'
| 39 “AIR DATA 69 CMRS )
X a0 HF COMMUNICATIONS 70 ] CMDS -
{ Y |unE communicaTions ] kX RHAWS
s2 | |INTERPHONE L 72
. 1 43| IFF/SIF .. . 73
| a4 " MISCELLANEOUS COMMUNILA\'ION :;()UIPMENT 74 INSTRUMENTATION
y - B )
‘1 45 TACAN 75
I N et e o]
! a6 ILAS o ] 76
. : a7 UHF/ADF ] 77
| 48 ] I 78
1 a3 ) 79
b e e e
| Hu s e e 80
| MISSION OBJECTIVES % SUCCESS
(SIGNATURE OF AIRCRAFT COMMANDER T T T T T T lGNATURE OF OEBRIEFER -
CODE FOR BLOGKS AS INDICATED i
BLOCK 7 (TYPr mIsSION) I. BLOCK 8 (MISSION EFFECTIVENESS) RELIABILITY CODES !
01 TRANSITION OR TRAINING { FLOWN AS BRIEFED BLANK EQUIPMENT NOT USED '
02 1EST SUPPORT 2 MISSION DEVIATION 1 OPERATED SATISFACTORI.Y i :
03 O1HER SUPPORT 3 AIR ABORT 2 DEGRADED OPERATION i p
04 SYSTEMS TEST 4 GROUND ABORT 3 FAILED BUT NO ABORT |
. 05 PERFORMANCE TEST 5 FLOWN AS BRIEFED & ADDITIONAL 4 FAILED AND ABORT : ‘
EVALUATION PERFORMED
- |
05 STABILITY AND CONTROL TEST NOTE: MISSIONS CHANGED FOR OTHER THAN MAINTY 9 FLOWN WITH KNOWN DISCREPANCY |
ENANCE ARE CODED 1. :
[Ty ]
. AFETC o™ 0.294 FHEVIOUS EDITIONS OF THIS FORM ARE OBSOLETE “
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.3

DISCREPAMCIES !
5 caro] Brock | REL JOB CONTROL NUMBER Dw|:£u WORK UNIT COOE HOW MAL  [ACTION bosiTiONBITE  [SAFETY| TIME To FAIL ’
- Kobe
HRS MIN
I I I | tod 1l
¢
CARD| BLOCK | REL JOB CONTROL NUMBER WHEN | WORK UNIT CODE HOW MAL [ ACTiON BosiTionine AFETY | YiME TO FAIL
CODE o8¢ konk
3 HRS  MIN
1 | T I I I | I T I [ Ll
DESCRIPTION OF DISCREPLNCY Y )
caro| BLock | rec 108 CONTRUL NUMBER WHEN § WORK UNIT CODE POW MAL | ACTION POSITIONBITE  SAFETY | Time To FalL
CODE disc koot
3 HAS MK
| O I | ) S DY W W I | [ L] g
DESCRIPTION OF DISCREPANCY . —_—
cArD[ BLOCK [REL JOB CONTROL NUMBER WHEN | WORK UNIT CODE HOW MAL JACTION PosITIONSITE  ISAFETY] TivE 1o FAIL
CODE 018C koot
3 HAS MiN
| I B T T S T T [ Ll
DESCRIPTION OF DISCREPANCY !
CARD| BLOCK | REL J0B CONTROL NUMBER WHEN | WORK UNIT LovE HOW MAL | ACTION BosiTioN 172 BAFETY |Time To FANL
coDE DIsC CODE
3 HRS MIN
L | O T S I | S S S T | 11 1 1
DESCRIPTION OF DISCREPANCY
.
CARD] BLOCK | REL 108 CONTROL NUMBER WHEN | WORK UNIT CODE HOW MAL  [ACTION POSITIONIITE  BAFETY] vime 1o ralL
CODE 0isc cODE
3 HRS MiIN
JESE PR U T N | B U IO T W B | L4 1 1
DESCRIPTION OF DISCREPANCY
|
]
cARD| BLOCK gztz 108 CONTROL NUMBER mcstcu WORK UNIT CODE HOW MAL | ACTIONBOSITION®ITE  |SAFETY] TIME TO FatL
o
3 fO0E KRS MiN
1 1 Ll | L1 [
BESCRI TION OF DISCREPANCY v
CARD] BLOCK | REL JOP CONTROL NUMBER WHEN | WORK UNIT CODE HOW MAL ACTION bosITIONIRITE SAFETY] TIME TQ ran,
CODE 01sC KODE
3 HRS MIN
| ] L1 T W O N | Ll
DESCRIPTION OF DISCREPANCY
! NOTE.
a Obtam Block Number from front of this fomn.
b Obtamn fob Control Number, When Discovered Code, Wark Unit Code, 7ow Maltunctioned Code, and Action Taken Code from AFSC Form
258 /'AFTO Form 349 as applicable, which shows the primary cause of {ailure

Figure 4 Aireraft Debriefing Record (Concluded)




P

The Operating Time Report for Selected Items (AFTO Form 4), figure
5, recorded the elapsed time indicator (ETI) readings for each item so

equipped during each scheduled phase inspection.

These readings were

compared to aircraft flight hours to obtain a ratio of the subsystem

operating hours to the aircraft flight hours.
ratio of these times is presented in table I.

The final cumulative
The value presented for

those subsystems which did have ETI's represented the R&M engineer's
estimate of this ratio from known run-up time, maintenance times, etc.

4 53 DAYE
OPERATING TIME REPORT FOR SELECTED ITEMS | MPS P TALL # * a/c DR .
FB-1114A
! FAILED ITEM DATA
wue 1TEM NOMENCLATURE iTEM PART NUMBER 1TEM SERIAL NUMBER | n‘:‘sl'!:‘::q :‘lyl .Itt':gm ngAI'AEN )'lﬁv‘l V?SN
I CODE TTAKEN
A ] < ] ’ [ H ] ) L L} N [}
D2AA Corp, FIE C., ROl 2 3576061
5CABA Comp, FIt C, Pitch 2T3ET5061 ]
SZACA Tomp, rit C, vaw 2TIETTIOCL
SCADA Feel Trim Assy 12¢1154-839
52BAA Comp, Ctr Air Data 190363h-3
SEBER Mach Assy, Max Safe |12C1006-817
OTAAD Rec'r Trans, HF 32626
RT-B22/ARC-123 N
61A30 [Amp, Power Supply 342626 BN
AM-TST37ARC-123
63RA0 Rec'r Trans, OHT #A1 [522-K30L-001
¥T-ThG/ARC-109 N
63RAD Rec'r Trans, UHF #2 [922-4304-001 ]
[ESAAA Rec'r Trans, IFF TI35%0-1
RI=-T2C/APR-bLV B
TIAAQ Rec'r Trans, TACAN 545003 J0-2
RT-3841/ARN-52V ]
73cA0 Rec'r Trans, Rar Alt |[HG7U92A3
RT-771/APN-167
73CA0 Rec'r Trans, Rdr Alt [HGT092A3
RT-77L/APN-167
73HAQ Internal kef Unit 68154-301-31
T3HCO Nay Computer 99594 =107=11
73HGO Computer f1 6561600
73Ha0 Computer #2 6861600
73HJO converter C70L 772081
T73JC0 Rec'r Trans Mod 7335134Gh 1
73JHO Sync, (ARQ-11L) 7335135G3
T3KAO Comp, TF Lt, APQ-120 |562182-12
73KAD Comp, TF Kt, APQ-128 | 56e1Be-12
73KEO Amp, Pui Gup,APQ-128 |5082357-10
73KEQ Amp, Pwr Sup,APQ-128 [582557-10 ]
T3KFO Syn-Trans, APQ-128 — 1582358-1
T3KF0 Syn-Trans, APQ-128 582358 -1
73MBO Elect. Unit, ASG-25  [GEBE00-7
TLACA Sight, Optical 852D530G1
|
I
AFTO 5%, PREVIOUS EDITION OBROLETE

Figure § Operating Time Report for Selected Items
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MAINTENANCE DATA SYSTEM

Maintainability data were collected by use of the Maintenance Dis-
crepancy/Production Credit Record (AFSC Form 258 and 258-4), figure 6,
which was completed by maintenance personnel. All maintenance actions
were recorded by maintenance personnel using work unit codes (WUC's) to
identify the specific hardware item being worked on and to identify the
type of maintenance performed. WUC's were five~digit alpha/numeric codes
specified in the WUC Manual (Technical Order 1F-111(B) (Y)A-06), reference
14. The first two digits designated the aircraft system, for example
73 denoted the bombing navigation system (table II). The third digit
identified subsystems within the system; for example, 73H denoted the
inertial navigation system. The fourth and fifth digits designated
assemblies and components within the subsystem; for example, 73HA0 de-~
noted the inertial reference unit (IRU) of the inertial navigation sys-
tem and 73HAA denoted the parameter memory instrument of the IRU.

Maintenance actions were further defined as support general or
nonsupport general maintenance events. Support general maintenance such
as preflights, servicing and other schedule maintenance tasks were de-
noted by WUC's 01¥XX thrcugh 09XXX. Non-support general maintenance was
unscheduled maintenance, such as repair of malfunctions discovered during
flight, and were denoted by WUC's 11XXX through 97XXX.

After the AFSC Form 258's were completed by the man who had performed
the maintenance, the forms were checked for accuracy by the maintenance
supervisor and then system effectiveness personnel at two different
levels before being keypunched. The data cards were put through a vali-
dation program which checked for errors that had not been previously
detected or which had been introduced during keypunching., Computerized
cards were output from this program in AF Form 349 (Maintenance Data
Collection Record) format so that the maintenance data could be processed
through the AFM 66-1 (Maintenance Management) system (reference 15), thus
satisfying standard maintenance management requirements. After all de-
tectable errors were eliminated, the data were put into the maintenance
master history file. A computerized listing of all input data was edited
at two levels in the system engineering section as a final check on data
accuracy.

The maintenance data were now on computer tape and could be used
for limited maintainability analysis. However, even though the mainte-
nance actions had been documented and entered into the master history
file, these actions were often not grouped together as a complete mainte-
nance event, Therefore, all maintenance actions pertaining to a par-
ticular malfunction were "bridged" together into one corrective mainte-
nance event. By use of this technique, a muck more detailed analysis
was possible than would have been permitted using standard maintenance
data collection procedures as defined by AFM 66-1., This new maintenance
master history file permitted the maintainability analysis conducted
during Category II testing and presented in this report.
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Form Approved

Budget Bureau No, 21~R251

A JOB CONTROL |B PRI
NUMBER
! . N

€ TiME SPEC REQD D WORK AREA

€ ESTIMATED MANHOURS

F 1 COPY |2 R.PORT NUMBER
NR

o IN? 181879

3 8ASIC WORK

4 ITEM IDENTIFICATION

S SER'ZL NUMBER

€ TI4E C~LLES MILES] / WHEN DISCOVERED MIME

]0 CENTER (Day -Mo Ye-H wrs)

8 DATE TH'S REPORT | 9 WORK CRDER NUMBER 10 ORIG REFORT NUMBER 11 VMEN D'SC LODE f12 cno |t L,ACTIVITY IDENT

Nay-Mo-Yr) vGsH et
.
FAILZD ITEM
18, MANUFACTURER 15 NOUN - 1f. SERIAL NUMBER «7 TIME CYCLESMILES| 18 PART AumBEP
ENGINE TYPE MODEL SERIES MOD

20 19 WORK UNIT CODE |20, symBoL 21 HOW MAL 22 FEDERAL SUPPLY CLASS |23 24

NSTALLED ITEM

25, MANUFACTURER

26. NOUN -
ENGINE TYPE MODEL SERIES MOD

27 SERIAL NUMBLR

28 TIME CYCLESMILES| 29 PART NUMBER

40

G SUPPLY DOCUMENT NUMBER (Is\ye or Demand)

30, DESCRIPTION OF UISCREPANCY OR MAINTENANCE REQUIRED

CAOAITH

49

H DISCOVERED BY

oW
3

Wl arsc SUF|

32. 33 34 0FLAY
NR START $ToP CObE

STARY sToP

35 36 37 DELAY |[3A WORK UNIT {39 ASSISTING 40
CODE, LODE _AORK CEN

TER L UNITS

41
ALY

50

51

52

53

54

56

57

58

59

42. T 0 NUMBER

60

43.7 0 DATE
{(Day-Mo-Yr)

44, T 0 PROCEDURE | 45.TOOLS/AGE

t CORRECTED BY

46 CORRECTIVE ACTION

coT— =

69

J INSPECTED BY

X SUPERVISOR

L RECORDS ACTIONS

M DATE TRANSCRIBED
(Day-Mo-Yr)

N TRANSCRIBED BY

[ ] UNCLEAR DISCREPANCY

[T REPLACEMENT TIME CHANGE
"1 0ATA TRANSCRIBED TO RECORDS

AFSC 3% 258

PREVIOUS COITIONS OF THis M AINTENANCE DISCREPANCY/PRODUCTION CREDIT PECORD

FORM ARE OBSOLETE

Figure 6 Maintenance Discrepancy/Production Credit Record
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FUNCTIONAL RELIABILITY FORMULAE

The mission reliability statistics were calculated using the formulae;

MFHBFD = p—i—— ; MFHBFL = o' ; MFHBA = (1)
4 1 a 1 a a
where:
FH = £flight hours
Ng = number of degradations recorded against the subsystem
N; = number of losses recorded against the subsystem

N, = number of aborts recorded against the subsystem

MFHBD mean flight hours between function degradation

MFHBFL = mean flight hours between function loss

MFHBA mean flight hours between aborts.

The Chi-~square (XZ) distribution using fixed truncation time for the
tests was the method used to determine the lower confidence limits for
mean flight hour statistics

90-percent LCL = 5 2 FH (2)
X (a,ZNf+2)
Where:
FH = flight hours
Ng = number of no-abort failures
o = acceptable risk of error (10 percent, 1 - confidence level “
= 1-90).

x2 = the critical value for the chi-square distribution with l
risk, , and degrees of freedom, 2 Nf + 2. 1

To calculate the probability that a subsystem would be usable on
any mission regardless of duration, the fcllowing formulae were used:

N
s

P = (3)
nd Ny # Ny * N, + N

N + N
P T F +Ns+Nd+N (4)

= s d 1 a

+ +
p = B *Ma * T (5)
na N FN. ¥N, N

n




Pnd = probability of no function degradation

Pnl = ©probability of no function loss

Pna = probability of no abort

Ns = number of successful missions recorded for the subsystem.

The 90-percent: LCL's for these probabilities were ccmputed using the
hinomial distribut:on

N .
;o Fopt a=mVt o=
i=N
]
Where:
N = sample size
P = LCL probability (90 percent)

[

a acceptable risk of error (10 percent)

MAINTAINABILITY FORMULAE

In addition to the nonparametric maintainability statistics computed,
the data points obtained were tested by the Kolmogorov-Smirnov (K-S)
statistical goodness-of-fit test to determine which of three probability
distribution might fit the data. The distributions tested and their
mathematical formulation are:

Log normal distribution where t is the time and u and o are the
distribution parameters,
log, (t) - u 2

] 2

f(tl“,c) =
t:ﬂ/-z—ﬂ-

e

Exponential distribution with the parameter 6,

(o,
f(tlel,ez) = 6,0, t e

1
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